Bioassays of amosite, short-range (SR), intermediate-range (IR) or intermediate-range chrysotile asbestos in combination with the intestinal carcinogen 1,2-dimethylhydrazine dihydrochloride (DMH) were conducted with male and female Syrian golden hamsters. Amosite and both forms of chrysotile asbestos were administered at a concentration of 1% in pelieted diet for the entire lifetime of the hamsters starting with mothers of the test animals. Group sizes varied from 125-254. There was no adverse effect on body weight gain or survival by either type of asbestos or by IR chrysotile asbestos in combination with DMH.
Introduction
In November 1973 the National Institute of Environmental Health Sciences and the Environmental Protection Agency cosponsored a symposium on the possible biological effects of ingested asbestos (1). This conference concluded that a paucity of definitive data existed concerning the effects of ingested asbestos and that specific research was needed.
A subcommittee of the DHEW Committee to Coordinate Tbxicology and Related Programs was established to review existing data and to prepare a draft research protocol that would be responsive to the possible public health implication of ingested asbestos. This protocol was widely distrib- uted for comment within and outside the government and a public meeting of the subcommittee was held on February 11, 1975. On the basis of the comments received, a revised final protocol was developed which called for the use of longterm animal toxicology studies to evaluate the ingestion of several minerals for carcinogenic effect. As a result the National Toxicology Program investigated the carcinogenic potential of the ingestion of various forms of asbestos in rats and hamsters. All of the studies were to encompass the lifetime of the animal, including exposure of the dams from which the test animals were derived.
This report represents the results of studies undertaken to determine the effects of the ingestion of amosite and chrysotile (short-and intermediate-range) asbestos in Syrian golden hamsters. The effects of intermediate-range chrysotile asbestos in conjunction with a known intestinal carcinogen, 1,2-dimethylhydrazine (DMH), were also studied. 
Materials and Methods
Asbestos is a general term applied to certain natural mineral silicates when they appear in a fibrous form. Chrysotile is the fibrous member of the serpentine mineral group while amosite is an amphibole mineral. Two chrysotile test materials were selected for testing and are referred to as short-range (SR) and intermediate-range (IR) chrysotile. Intermediate-range chrysotile differs from short-range chrysotile in that the former contains fibers extending into relatively large sizes, both with respect to length and diameter.
The short-range chrysotile was purchased from the Union Carbide Corporation, Niagara Falls, New York, which referred to the material as COF-25. The chrysotile was mined from the New Idria serpentine mass located in the southwestern San Benito and western Fresno counties of California. Mineral and fiber characteristics of SR chrysotile are shown in Tables 1 and 2 .
The intermediate-range chrysotile was purchased from the Johns Manville Company, which referred to the material as Plastobest-20. The chrysotile was obtained from the Jeffrey Mine, Asbestos, Quebec, Canada. Mineral and fiber characteristics of IR chrysotile are shown in Tables 1 and 2.
An amosite sample (S-33) from a mine in Penge, Transvaal, Republic of South Africa was purchased by the Bureau of Mines from the Atlas Asbestos Company, Montreal, Quebec, Canada. The sample was processed by a single pass through an air jet mill to improve the homogeneity of the amosite. Mineral and fiber characteristics of amosite are shown in Tables 3-5. 
Animal Maintenance
Upon arrival, the mated female hamsters were weighed and sorted into weight ranges. They were then distributed randomly between control and treatment groups, which were housed in separate rooms. The first shipment of mated females was assigned to the short-range (SR) chrysotile study, the second to the intermediate-range (IR) chrysotile study, the third shipment to the IR chrysotile plus DMH study, the fourth group to the amosite study and their respective control groups. Each dam was placed in~an individual cage with filter top in its respectiv&ei'rom. Control or formulated diets were provided ad libitum on the floor of each cage. Water was provided ad libitum via bottles. The hamsters were not handled just before the litters were due to be born except when the cages were changed. Once the litters were born, they were left undisturbed until they were approximately 10 days of age. Then, the cages were changed weekly until the offspring 12  0  0  0  0  34  10  6  5  2  43  52  23  14  4  11  34  52  38  40  0  4  18  41  54  0  0  1  2  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  0  aCalculated from particle (Table 6 ). Since the gastrointestinal tract was chosen as one of the target organs prior to the study, it was handled in a manner slightly different from the usual in standard rodent lifetime bioassays. Prior to placement in fixative, the entire esophagus was opened and pinned with the exterior surface adjacent to cardboard. The stomach and cecum were prepared similarly. Lengths of duodenum and ileum (2 cm) and two portions of jejunum were placed unopened in fixative. The remaining small intestine was opened and gently washed with saline and it was then carefully examined. Suspect lesions were processed separately and identified individually as to location. Likewise, the entire colon with anus was opened, examined, and pinned to cardboard prior to fixation. The size and location of masses were recorded. Masses greater than 1 mm in diameter were removed as separate specimens for processing. After fixation and prior to embedding, the colon was "carpet-rolled" starting at the posterior end, with the mucosal surface inward.
All tissues were fixed in 10% neutral buffered formalin, sectioned, and stained with hematoxylin and eosin. Tissues/organs examined microscopically were: tissue masses, the above mentioned portions of gastrointestinal tract, mesenteric and bronchial lymph nodes, mammary gland, salivary gland, thigh muscle, bone marrow (sternum), nasal cavity with turbinates, larynx, trachea, lungs, and bronchi, heart, thyroid, parathyroid, liver, gallbladder, pancreas, spleen, kidneys, adrenal glands, urinary bladder, seminal vesicles/prostate/testes, ovaries/uterus, brain, pituitary gland, eyes and spinal cord. Selected sections were stained with Bennhold's congo red to demonstrate amyloid.
Data Recording and Statistical Methods
The individual animal pathology data on this experiment were recorded in the Carcinogenesis Bioassay Data System. The data elements include descriptive information on the chemicals, animals, experimental design, clinical observations, survival, and individual pathologic results.
Probabilities of survival were estimated by the product-limit procedure of Kaplan and Meier (3) . Animals were statistically censored as of the time that they died of other than natural causes or were found to be missing; animals dying from natural causes were not statistically censored.
Differences in survival were evaluated by Cox's life table method (4).
The incidence of neoplastic or nonneoplastic lesions has been given as the ratio of the number of animals bearing such lesions at a specific anatomic site (numerator) to the number of animals in which that site was examined (denominator). In most instances, the denominators included only those animals for which that site was examined histologically. However, when macroscopic examination was required to detect lesions (e.g., skin or mammary tumors) prior to histologic sampling, or when lesions could have appeared at multiple sites (e.g., lymphomas), the denominators consist of the numbers of animals necropsied.
For the statistical analysis of tumor incidence data, two different methods of adjusting for intercurrent mortality were employed. Each used the classical methods for combining contingency tables developed by Mantel and Haenszel (5) .
The first method of analysis assumed that all tumors of a given type were fatal, i.e., they either directly or indirectly caused the death of the animal. According to this approach, the proportions of tumor-bearing animals in the treated and control groups were compared at each point in time at which an animal died with a tumor of interest. The denominators of these proportions were the total number of animals at risk in each group. These results were then combined by the Mantel-Haenszel methods to obtain an overall probability (p) value. This method of adjusting for intercurrent mortality is Cox's life table method (4) .
The second method of analysis assumed that all tumors of a given type were "incidental," i.e., they were merely observed at autopsy in animals dying of an unrelated cause. According to this approach, the proportions of animals found to have tumors in treated and control groups were compared in each of five time intervals. For male hamsters these time intervals were 0-52 weeks, 53-78 weeks, 79-92 weeks, 93-103 weeks and beyond 103 weeks. For female hamsters whose median survival was considerably less than that of the males, the time intervals were 0-44 weeks, 45-52 weeks, 53-60 weeks, 61-68 weeks and beyond 68 weeks. The denominators ofthese proportions were the number of animals actually autopsied during the time interval. The individual time interval comparisons were then combined by the previously described methods to obtain a single overall result (6) .
In addition to these tests, one other set of statistical analyses were carried for each primary tumor: the Fisher exact test based on the overall proportion of tumor-bearing animals(7 No compound-related clinical signs were observed during the entire study. Occasional skin lesions and bite wounds were observed in both sexes, but were more apparent in males; these became less of a problem after the hamsters were 20 weeks of age.
Survival
Survival was not adversely affected by any of the test diets with the possible exception of DMHtreated female hamsters. Survival rates were actually higher in the amosite and SR and IR chrysotile groups relative to the temporal controls. The median life-span of females (control and treated) was shorter than that of corresponding groups of males ( Table 7) . The median survival of control female groups was 55-61 weeks, compared to 77-83 weeks for control male hamsters (Table 7) .
Pathology
The number of hamsters available for histopathologic examination is shown in Table 6 . Most animals not examined pathologically were excluded because of autolysis or cannibalization. Review of the clinical records of hamsters lost to autolysis or cannibalization gave no indication that these animals had neoplasia.
A variety of neoplasms was observed in control (Tables 8 and 9 ) and asbestos-exposed hamsters (Tables 10-17 ). The proportion of control male or female hamsters bearing primary tumors was not statistically different among the four control groups. Thus, statistical comparisons were made with pooled controls as well as with temporal controls. Overall, the male hamsters had a slightly higher rate of neoplasia than the females.
Those organs with greater than 4% incidence of neoplasia in dosed or control groups were the adrenal gland, pancreas (islets of Langerhans), parathyroid, and reticuloendothelial system.
The only organ showing an increased rate of neoplasia in chrysotile-exposed hamsters compared to the controls was the adrenal cortex. In male hamsters, the incidence of cortical adenomas was significantly increased (p < 0.01) in the SR and IR chrysotile groups compared with the pooled controls but not in the DMH chrysotile or amosite groups. None of the chrysotile groups showed a significant (p < 0.05) increase in cortical adenomas relative to their temporal control groups. A similar increase in cortical adenomas was observed in the female IR chrysotile group compared with pooled controls, but this also ceased to be significant when compared with the temporal control group.
In only three other instances did specific tumor types show significant effects relative to pooled or temporal controls. The only statistically significant (p < 0.05) difference in tumor incidence observed in the amosite study was a decrease in islet-cell adenomas observed in female hamsters. Female hamsters administered SR chrysotile showed a significantly (p < 0.05) decreased incidence of islet-cell adenoma relative to pooled controls (Table 16 ). Male hamsters administered DMH showed a significantly (p < 0.05) increased incidence of leukemia or malignant lymphoma relative to pooled controls (Table 16) .
The only group to show a significant (p < 0.05) increase in overall primary tumors was the male IR chrysotile group. This increase was due primarily to adrenal tumors. Male hamsters receiving SR chrysotile or DMH and IR chrysotile also Tables 18 and 19 . None of the treated groups showed an increased rate of neoplasia in the gastrointestinal tract which was the proposed target organ.
While this study was not designed to evaluate nonneoplastic disease, noteworthy lesions were observed. None appeared to be dosage related; rather, they were consistent with lesions that are normally found in aging hamsters. It was the pathologists' opinion that the most important le- Many of the livers were cirrhotic, infiltrated with amyloid, and contained large cystic structures filled with a lightly staining proteinaceous fluid. These structures were interpreted as cystic bile ducts and are consistent with what others have termed "retention cysts." At times, these cysts were so large and/or numerous that less than half of the livers remained.
Other nonneoplastic lesions that were observed in more than 5% of the hamsters in any of the experimental groups are as follows: (1) skin, chronic dermitis; (2) lung, interstitial pneumonitis; (3) spleen, lymphoid atrophy; (4) lymph node, hyperplasia; (5) heart, atrial thrombosis; (6) gallbladder, edema and calculi; (7) stomach (nonglandular), hyperkeratosis or acanthosis; (8) colon, intussusception, inflammation; (9) urinary bladder, chronic inflammation, hyperplasia; (10) adrenal gland, cortical and medullary hyperplasia; (11) thyroid gland, follicular atrophy; (12) 
Discussion
The clinicopathologic results in this study showed that the chronic ingestion of 1% amosite (8) or chrysotile (SR and IR) (9) asbestos in the diet did not have any adverse effect on body weight gain and survival seemed to be enhanced. An explanation for these observations is not apparent.
The major organ which showed a statistically significant (p < 0.05) increased rate of neoplasia was the adrenal cortex in male and female hamsters exposed to IR chrysotile asbestos and males exposed to SR chrysotile asbestos when compared with pooled controls. However, statistical significance was lost when these groups were compared to their temporal controls. It is difficult to imagine how oral asbestos, even though it is known to be absorbed through the gastrointestinal tract (10) , could cause an increased tumor rate in the adrenal cortex without causing similar increases in tumors in other abdominal organs and tissues, i.e., gastrointestinal tract and peritoneum. For these reasons, the biologic importance of adrenal tumors in this study is doubtful. The overall increase in total primary tumors in male IR chryso-tile hamsters can be explained primarily on the basis of an increased incidence of adrenal tumors in this group. The enhanced survival of animals in the chrysotile groups also contributed to the elevated incidence of primary tumors observed in these groups compared with controls.
The only other instance of an increased rate of neoplasia was a significant (p < 0.05) increase in leukemia or malignant lymphoma in male hamsters exposed to DMH when compared to pooled controls. Again, statistical significance was lost when this group was compared to its temporal control group. This finding also loses importance because it was not observed in the DMH plus IR chrysotile group.
Other such studies involving the long-term ingestion of asbestos are few. Donham et al. (11) reported equivocal results in F344 rats which were fed a diet containing 10% chrysotile for their lifetime. While they did not observe a statistically significant (p < 0.05) increase in the number of tumors in exposed animals, the authors believed that there was a trend toward increased colon lesions in general, evidence of penetration of asbestos into the colonic mucosa and possible cytotoxicity to colonic tissues and they suggested a possible relationship to peritoneal mesothelioma. Another equivocal study is that reported by Gibel et al. (12) , who described an increase in malignant tumors in the lung, kidney, liver and reticuloendothelial system, but no increase in intestinal neoplasia in Wistar rats fed asbestos filter material (20 mg/day) for a period of [8] [9] [10] [11] [12] [13] [14] (14) , who fed rats a diet containing 5% chrysotile asbestos for a period of 21 months with no evidence of intestinal neoplasia.
The only oral asbestos study in hamsters was reported by Smith et al. (15) . They exposed groups of 30 male and female hamsters via drinking water for lifetime to amosite asbestos, mine tailings, beach rock, and Lake Superior drinking water. They did not observe adverse effects on body weight or survival time in any of the groups. A peritoneal mesothelioma, one pulmonary carcinoma, and two early squamous cell carcinomas of the nonglandular stomach were found in the hamsters exposed to amosite, but the incidence was not statistically significant (p < 0.05). Their other studies were considered negative. They concluded that the study was essentially negative.
Except for those by Donham et al. (11) and Smith et al. (15) , these studies were conducted with relatively small numbers of animals. Also, some were conducted for periods of time insufficient for adequately testing the carcinogenic potential of ingested asbestos.
The results of the combination study (IR chrysotile plus DMH) also did not yield a significant increase in tumors above the background level observed in the DMH group alone or in the untreated control group. The DMH failed to yield a background level of intestinal tumors high enough to provide a valid test of the cocarcinogenic potential of chrysotile asbestos. For this reason, a cocarcinogenic potential of oral asbestos should be considered untested. However, the DMH plus chrysotile provides an additional IR chrysotile group for comparative purposes.
It is not clear why the DMH-dosed group of hamsters failed to show an increased incidence of intestinal neoplasia. The pilot study suggested that this dose of DMH should have caused an incidence of approximately 15%. DMH solutions rapidly decompose if they are at room temperature or if they are not properly buffered.
The only long-term study designed to determine the cocarcinogenic potential of asbestos was reported by Ward et al. (16) . They administered 1 mg amosite asbestos in saline by gavage to 6-week-old F344 rats three times per week for 10 weeks. Once per week during this same period, half of the rats received subcutaneous injections of 7.4 mg/kg azoxymethane (AOM), a known intestinal carcinogen in animals. All surviving rats were killed at 94-95 weeks of age. They reported an intestinal tumor incidence of 66.7% for AOM alone, 77.1% for amosite plus AOM, and 32.6% for amosite alone. The authors concluded that while amosite did not significantly add to the incidence of AOM-induced intestinal neoplasia, amosite alone caused a relatively high rate of intestinal neoplasia. However, there was no untreated control group with which to compare the treated groups. These results should as well be viewed with some suspicion because the authors also reported a 14% incidence of Zymbal gland tumors in the rats exposed to amosite alone. The historical rate of Zymbal gland tumors in the Bioassay Program is 0.34%, indicating that this is an uncommon spontaneous tumor. However, AOM is known to induce Zymbal gland tumors with a single dose of 5.1 mg/kg in male F344 rats producing a 14% incidence of tumors in this organ (17) ; in this study 5 .1 mg/kg AOM also caused a 24% incidence of intestinal neoplasia. An appropriate explanation for the high incidence of Zymbal gland tumors in the amosite group would be that those animals were inadvertently exposed to AOM. If this occurred, animals would also be expected to show a high incidence of intestinal neoplasia.
Conclusion
Under the conditions of this bioassay, amosite asbestos and short-range chrysotile and intermediate-range chrysotile asbestos were not carcinogenic when ingested by male and female Syrian golden hamsters. While there were significant increases in the rates of adrenal cortical adenomas in male and female hamsters exposed to intermediate-range chrysotile asbestos compared with pooled control groups, these incidence rates were not significantly different when compared with the temporal control groups. Additionally, the biological importance of adrenal tumors in the absence of target organ neoplasia is questionable. The cocarcinogen studies using IR chrysotile asbestos and 1,2-dimethylhydrazine dihydrochloride were considered inadequate because there was no increase in intestinal neoplasia in the DMH group.
